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(54) NONAQUEOUS SECONDARY BATTERY AND 
MANUFACTURE OF GRAPHITE POWDER 

(57) Abstract: 

PURPOSE: To provide a carbon material excellent in 
reversibility of lithium storing-releasing reaction, and a 
nonaqueous secondary battery which uses this as a 
negative electrode material and has high energy density 
and is excellent in a quick charging-discharging 
characteristic- 



diameter is not more than 100^m and a rate of a 
rhombohedral structure existing in a crystal structure is 
not more than 20%, as a negative electrode active 
material. Such graphite powder is obtained by performing 
heat treatment on graphite at a temperature not less than 
900 degrees C after it is pulverized by a jet mill. 
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CONSTITUTION: A nonaqueous secondary battery is 
constituted by using graphite powder, on which a particle 
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1 

UR&si] lEmt^mtwimttr^^ wee** 

-kl&ftffiSr, CuKa||^J;SX»iajFf^^ — 
5. 13^4 1. 7SH4 2. 7«C0fBH^St>^-6 
liljffb 0 -^ (PO 0^4 2. 7«H4 3. 7 
*<OttH*-mfc*t5HI*ftr— ^ (P.) £<S>$t*it (P* 
/Pi) a*. 0. 9 2KT"C*>5ll«B»*Sr^A/"e«j* 

5. lHlJfft4 1. 7ftH4 2. 7ftO$SHIiim*>*t6 
[HlWt: 6 -^ (PO [§]#r^4 5. 3«^b4 6. 6 
S^>|SH^^^IeIWt 0 -^ (P.) £<£>§fi*i£ (P 3 
/P.) 0. 7 5KT^fc5ll»»**^A^«* 

3. 7S^f>4 5. om<Dmm^mt>nz>®$tt o ~-i? 

■(PO <0*fHB«a s o. 4 5S«m^>^^, 

}*-r#<Dm$xft (2 0. 0 2 6. 2 

£r#g -fSW 3 * fctt 4 fB*^>^*^-»C«?&o 

imm 7 ] ±ejs»«»5|c© s i <D*smmt>> 1 o P P m 

Sr4*»4:1"SBI*^l, 2, 3, 4, 5*fctt6!2*fc0> 

*#«4:-rsSB#3gl, 2, 3, 4, 5, 6*fctt7|B 
[»*B9] ffllBiE«tt, L iMO* (fe«U xiiO 



(2) ^sp8-2 8 7 9 l0 

2 

^5>10<5ai:J)9, MttCo, Ni. Mn, F e <£> 5 
Sr*«i:i~Sf»*3Bl f 2, 3, 4, 5, 6, 7£^f* 

8 mm.<D#7km~ifc.mmo 

^co-cfcS^: k, 

[ff*^i 2] ±ia»pji!t«iatt % «ft2 7o ogw© 
i o*fc»i i tim<om&tom<on 

st*«fe. 

o i: t> l o^frlfctti^fcSfc^U ■* 

20 +*u tt»-*-5rfcx 

«r#Si:-*-5»*Bl 0, 11, 1 2 1 3i3*<Z> 

x^lil^^-v^tt^S^0^t o -^^0^^ 
2 6. 2S-26. 5«©«SHI-*>5Sft»SrfflV^i 

30 «r*ir«i: ^58**11 0, 11, 12, 13*fcfil4 
[0 0 0 1] 

-r*«**mattf-t«>«JS*ifeteH-rs tore* 5 . s 

[0 0 0 2] 

JMMiKiWtt (fvK7>f b) ^Uf^Mi:, IE 

«-i LT4*^HB6 2-2 3 4 3 3^#^^Mi&^^ 
50 ^HTV^^ 0 



; 



3 

[0 0 0 4] 

[*l9ds«ftb«t 0 birZWkm] #^BS6 2-2 3 4 3 

u y ^*a«t»*- ttmi-s*>^"Cx y^ 

irbTffiv^mwt, 3S8rttoSJK»4: 

Kfi#£<fc S£b< f*«t«l 0 0 i/mH 

T^»*i:^5"#K#*>9$. ba»bfc#&. I&ttnffi 

[0005] #»H0>i«iMu **t*T 

[0 0 0 6] 

«J6tt* «B**«fi©flFft«^*s^ftv^4: (2 0% 

[0 00 7] r^J: 5 HiB^3Br@ 100 

KJPSftfcSSrjSft 2 7 0 0 ft^X<Z>taft^fr;iJ^ 
^tt«<£>^5£5)^*>5 S i «r 1 0 p p m^TI^TMS^ 

[00 0 8] Sfc, *»MoflMB»*tt. JRJ|SHM&*1 
0 0 /imm:»lf:t, fig 

[0 0 0 9] Sbfc, *36W^BWSraj5lci-5**»— 

(fc«.U xttoa>e>i©$&iate:s>0. m»c 

o s N i N M n ^ F e 0/>* < ^ t 1 Sg^i^t 

AJMft^iMb«fc«v^sr fc^a* bv\ 

[0 0 10] 



(3) #W8-2 8 7 9 1 0 

4 

•«t*K#/> S VMS 4?«tt*fctB3»«x<5 e>tt^ 0 

fe. ffiftSfttii 10 0^ mBTTfe^r L 
[0011] y f!)A-^ti(7)ASffifeS^ LTs 2c 

[0 0 12] b#>U Ji3*0^rffi*cJ:oT#b*tfcJR» 
y^^ACDRJB -JfefflSdSfiMa*? 2 0 0-^2 
5 0mAh/ggttfc!), yf^Arjcfft^tt 

20 [ooi 3] ^t^x\ ^(Dmm^m^^-ftM^. xmm 

4*OtT— ^dS^fenfco 4 2. 3SM4 4. 4ft^ 

m*—?\x*ti?tim&<ott&mi&<D (100) ^ 

t; (101) ffiOHlFf^^ — VC*>So 4 3. 3*Xt^ 
4 6. 0ftf*5EOtf— ^J4*Jx-P*taffifr*^ (10 
1) ffifttf (0 1 2) ffiOEJW'^ — -^J; 

30 ^^^oto 

[0 0 14] S fete. ii&»*tOlffift:f g MO#ft 

(x) (ioo) ffi^sHBtr—^aa 

ft (Pi) , ssMi&o (ioi) ffi<^*atr-^ 
3&ft (p.) . RzfxMs<?—><vmmi3k)&)t<DMmfa 

TU(Dmi^X^X^ft 0 -t<03IS* x 100/im 
[0 0 15] 

[ftl] x = 3 P,/ (1 1 Pi+3P 2 ) 
40 y^*A«ifi (10 0) ®6r>^a!le ,, -^^ft 

(Pi) , ^®#:A«a^ (0 1 2) »0>3Sailfcr-^& 

ft (p>) , Rifxm/^-^vm^&it^m&frb 

(x) SrtfeELfco nco^tcti. Xia» 1 »cftfc>o 
[0 0 16] 

W2] x- P 3 / (3P,+ P 3 ) 
50 ^o<t5^, 2a3H<z>te*«3fids^bfcJDSHtt, lft«B 



5 

*M»Ti:ftofc^«SJfllft-eHt. A**«J6 (1 0 1) 
ffi(OX«t-^ (PO J&nH*ia£j&*oT*5 0, * 
^ffi[«^s^«^BL-rv^s^^:3&»b. «3£7&R*t>Jft!iPL- 

[0 0 17] *fc.-±*©^«»^*o^«««rdW 
Si. FeW««l*1 000 ppmH 

1 0 0 »m£lTX$>oX. »fcJia©affi#:AIPBt©# 
tt*Sr 3 0 U *£»«*©*ftv*JM&»* 

T^tiO^S i Sri 0 p pmKTfcS'tMSWUfc. 

£ 0 fiU 8«1 0 0 Min£JLTi:V^5*«H-oV^Ttt. 

m^^tcttev mmt \^x<Dm&&mmi,x<Di><Dx 

JH-TSS^fctt* ttftttWLfe 1 0 

[0 0 19] £ATte. *&W<DmmB3£&£Tf*:<DMm 

[0 0 2 0] aratefc^offrg^fcv^JR 
»fc#5fc»©*»i:LT2o GBBfel. §S£:2) 

[ 0 0 2 1 ] mm 1 ] *38WOlMB»*olWB|. (jDRff 

fc. -rftfe*?. ^977^ hJUfflEgPtl^O. 34nm^ 

[0 0 2 2] ISWHaSrJlffiS 100/i m^Tt-** 

[0 0 2 3] »#S*,yUK*M»» 0B»»*) left, ftf 



(4) 1*59^8-2 8 7 9 1 0 
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[0 0 2 4] 0E»!RML9r2* *fg*fc*H«Tfc:*5V^ 
«ft 9 0 0 &Sk±V>mBLT*ft o o ?Fffi'l£#ISM 4: 

[0025] roflmwaarax aBfrftflUft^A*** 

[0 0 2 6] fe*3. H^&OjPf^MS^fTV^^rtt^: 
<. »#^«rfrofcflUlP)lft^*rff 5r U9SF 

£l<i*. ^mm^mmB^m^m^nxn^^k 

[0 0 2 7] ®3pH&5|ctp|c:tt^;*B4fei L-TA 1 , C a , 
20 Fe, «!1S i Sr#<-&^TbTV^ 0 -hifiOjPjRliaftS: 
S3; 2 7 0 0«^±tt5r i:^J; 19. £*Le><©»W*r 

^mSr^tcfir^fc^Jct. iPjft&Sififttt«ft 2 7 
0 0aH±t?*5rl:iSJ:»)atU\ 
[0 0 2 8] Wife 2] JW»IMBi3j;tf^*bSr»5H-6 

[0 0 2 9] »«Wc±oT#6ixfcflMB»*^ 
30 «#W-5£fcfcJ:oTfc»&*L5 0 JhIB 

[0 0 3 0] XfSOSSxl, 2^J;oT»3&Uft:**ia 
M&<DPik P 2 ^OJt (Pt/PO W:0. 9 2KA 
40 iE^PitP 3 ^Oit (P»/Pi) WtO. 7 5KT-Cfco 

fee 

[0 0 3 1] £ftfe©«jete*£TOSfc©«l, *2fcft 
A-T S ^ 4: l?s «ffi**«3So#«E«^!» 2 0 %«TK 
»^UTV^5ii:, ^fc. ^*«3So#fe«4^5 8 0 

flfbfctt*. S i 0-&**s6Sl 0 p pm«T"C*>Sr.i: 

[0 0 3 2] »c(c x *«?8c0Sft»»*S:iS«?Wi: Ltffl 

50 tkWUfc. *»M«>JR«»*-etty^^Ao> 



7 

wm • tkm&*#m#Km**a 9 3 2 o-3 6 0mAh 

/g-e*>9. ft*©»fttWWR»*»U*i (2 0 

0-2 5 0mAh/g) fcjfc^:fc#< fa-hbfc 0 

fev^a if****;*:* < x *<ofiq£«r&*s 1 o%^T-e^» 
[0 0 3 3] ttoT. y^^-^*8UII • 

[0 0 3 4] Sfcfc:, **fflwyf!>Ar»lftfi, * 
hZo R#*9§^y^9*-#«»ra\ 
[0 0 3 5] #3£PJ<£>y 

-<**ofiT** s 3 0 %^±&# S fhtco £ com& t b 

[0 0 3 6] *^K<^y ^^A-»C«?&IE^ffi^ 

SiLTia % LixCo0 2 , LixNiO*, Li,Mn 2 
0*<DttW (fI.U xttO^fe 1<Z>*SH) 3. 5 

[0 0 3 7] «#p*4: Utli, J^l'V*— aft*— h 

<ZV>#< i: t> 1 WB«rJH*.fci*&»«i:, L i C 1 
O*, LiPF 6 , L i B F *, LiCF 3 SO s ^yf 

V\' y 0. 5-2mol/l<OlB^t§ 

r i «*«*>*«e»«*s*S < M£ bv\ 
[0 0 3 8] 

immm] silt. ^mKx^mmm^^xmm^ 
[0039] mmm 1 

i^xy h^Waotfl4 6 *m«T*^»#b»* 

^r#fc 0 J0K3|W*^iF«*tfitt8. OA/m-Cfc^o 9UK 
JK»»**a*^#HftT"C«ft9 0 0 Oft^fd 
»S&2 8 5 oarci 0 BWMlfcf, *»W«>I* 

[0 0 4 0] ^R^A^McftVIR3|4^0)|$Afl|3fi 



(5) fii¥8-2 8 7 9 1 0 
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flWttXifcEJfilu 5F#B*««tt»*^?^ (IC 

P) «iaoTMlf:o M#<^»W«IS8^W:3ffi^ 
t«liRU-2 0 0, 2 0 

[0 0 4 1] H2*5J:t^H3^. CuKaM^JSi b 
t\ W®j£4 0kV. WSi^l 5 OmATay^L.^*^ 

^3@$r«& 9 o ogTirofci^ in 3 mm^m^m 

6. oa#ifi^tf— tj&s*sjxfco 
[0 0 4 2] ^W<Z>»«^*^Jtt*tb"C-&*Sjx 
5 S i JPS&iaft*) 5 9 0 OSOl^icii 1 1 4 0 p 

pm, MmmM2 8 5 0Sc7)^^^fi2 7 p pmtfco 
fc 0 ^oT. S i Sr»*BTt6ft«ft 2 7 0 0ft£JLh<E>SS 

mxtommm&ft^tz.m'&iz.}^ s immvm^xm 

[0 04 3] 1 

20 Jfc«tf>fc«K »#bTV^V^JS»|ft»Sraft2 8 5 Oft 

<?!> J: 5 bT#fclft«B»*^XjBlElW^^— ^SrH 4 fc: 
*-r o B4*»6>W&*»fcJ:5fc:, K9#A4ft»ti:AjK£ 
*t$4 3. 3ff*5j;tM6. Oftftffiotr— ^tt«^b 

[0 0 4 4] SSft0!l2 
KSOfcffJ 2 "Ci** JDS»M»&S^y F^/Waotl 0 

30 flnfe&<z>stt£0>i 0ras*b^ o -to*. ^@*^<t 

2 0STgjiU *«MO|ft«B»*S:»3fibfco 05(- 
— >%^1r 0 «ffif*:A«JS^#JHSixS4 3. 3ft*5j: 

[0 0 4 5] 3lJfc#!l3 
ttlUkM 3 *^PJ^mi&»*^«®S^® t bT/B 
40 v^«*««Sr^KU y^l>A©K*-i!kW**, « 

[0 046] 1 fcSSV^TKit bfc, tomttQM&1& 

ft9o o*^fcii2 8 5 o stxhz 2mm<v*¥&w?>m 
tef»^LT^y77ftt^yry (pvd 

F) Sri Ow t %^iPbT. ^WcN-^f;v- 2 - 1° 
n y K^SrJp*.»^bT^J^9y— SrWKbfco 
-&jM^9y-S:ff*l 0 ^ mOjliJB^ffi^affi u 

o*i 2o < c-ci«pHB*ffl«ai»bfc. 

50 7— ^v^^^ormSSranJEjgfeabTJS^SrS 5 — 9 
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8-287910 



10 



o & m(ommt ufc 0 mammas 5 

lOmg/c m 2 -C£> «9 . 10 mm X 1 0 mm^f £ 

«#30. ftU8«^fc£#«SJ§^«fli3 1. ir/*v— * 
3 2. »$&-Cfc£y^?A&Jg3 3. »«ft«fl:3 4Sr 

[0 0 4 8] yfDA«'», ffWBi:**© 
^MWMiUfc. flMB*©TIB*5J:t*J:IR 
[0 049] Jfc«0J 2 

WSrffofc. 

[0 0 5 0] «Tt-. IUfiffil3 Jt 

-TH^fc^o H7J!i*3V^T, fti»4 0fi:|llilSffiI3^*5VV 
TM«il:Jlft9 0 0«^ofc»^*fc«V*fc* 
«O«ft^bSr*LTV^ 0 *»4 1lt liJ6OT3lc*5 
« l 



* V^Tinf^MS^rSft 2 8 5 O^^ofc!!^*^^ 
/Bv^««^«fly&ffc. ASM 3 ttltRW 1 l^V^T^ 



10 



20 



30 



J&&4 2) »J:tfJttt«10j»»Sr«v^»^ 

3) y^^A»3i»»at«jcffla:ji^ v^r^ts 

2 5 0mAh/g£JLT"e*>ofc 0 m^** 
U *3MBK: J: **JfcW l ©»«»*«rmSfif*Kl!:« 
v\fc*K«3<z>»-& (ft!4 0, 4 1) y^-S^K 
***2lt5«ffl**!6S x it^ffiMliS !)3 00m 

A«35s#e>nfc 0 £^ anaaayasrisft 2 8 5 ost^ 

[0 0 5 1] 5IJS0J4 

[0 0 5 2] R3llSffil4-Ctt. *JS09l 4: 

fWJ^^bT (a**^#fflaT^ «ft2 8 5 0SX\ JDS 

fiu RHJS094-?ra:. «tawra* 4 wrasse 1000 
[0053] xm®$r/<?— votr—^ 

**«3t©#eE«^Sr*»fc. *fc. £tt0)3&lRltt 
[0 0 5 4] 

[«1] 



ffp^aa^BSss 


(%) 


(mA h/g ) 


0 * V A&tfigg 
(m Ah/g ) 


4 

l 0 B?ffl 


18.2 
14. 6 


3 3 2 
3 4 5 


3 2 0 


3 2 5 


1 B 
3*0 


13.8 
11.3 


3 4 3 


3 3 4 


3 5 5 


3 3 8 


5 B 


9 . 7 


3 6 8 


3 5 1 


1 0 B 


7. 1 


3 6 5 


3 6 0 



[0 0 5 5] *ffi#:A«3fi<Z>#a£»^ 
^feWS if y> 5^8088 • »a*j&$if JnLT*5 5, 

[0 0 5 6] Hlft^J 5 

SrW*bfc©ttiE*"e*>So H«M9F-J§-5 1 5 2 

tt-fc^V-*. 5 3ttiE«*:7\ 5 4li*«^^ 5 5 



^50 



[0 0 5 7] H8^bfc**l8^>y^-!?^— ftttft 

C0O2, txrtf i/y^7 7^^7 w t 

%, te*»J4:bT2Ky ^Wfc^y7*>^ (PVDF) £r 
5wt%SJDU, ^^N-^^-2~t 6 nD Ky 

[0058] n«\zL^mmmKt 



11 

#£##Ji LTPVDFSrl Ow t %»bt, ^tt 

[0 0 5 9] ES-SiSa*r#*2 5 ^m^)7/K^^» 

fc. X£ft*flL T2-9-^^*!iJ:o-C««*Jnffififc 
M Lmi: 1 9 5 /i m £ bfc 0 3HfcK«S 9 O^&ia 
>ftJ4fi5 5mg/cm^4^ H4 0mm, g^28 

[006 0] — >£r. £ffi^*!lttJ¥* 10m mCOffifg^f^ 
BK»ftU t^tl 2 0 , C-eiRFMXS«»tfc. K 

2 5mg/cm i tfc!)s S4 0mm, SJ2 9 0mm 
AS^WSHCOSS 1 Omm^ll^a^M^ 

[006 1] -fe^ $ i*. m& 25/im, m 4 4 mm 

[0 0 6 2] £<D«ffi«rfl!V^T. MtS3 0 0m 
A, fttktifc±n&$: : ttl j eti4. 2V, 2. 8VR 

&9,0 0mA«)Ki^ftS^ **3fctt««:fTofco 
[00 6 3] 3 

[0 0 6 4] ^W15 i, MMis 

[0 06 51 y^!?A-lJc«?fi(0^ik«Sr»3S 

£\ tilOftiSitt 6 8 3 m A h / g -Cfc 9 % 20 0 
tt8 6%T*ofc 0 — ;*\ JtttW 3 <£>»-g\ *B[<7>Jfe« 



(7) 4$Hi§¥ 8-287910 

12 

**tt4 9 2mAh/g-efcl9, 2 0 0t-f^ai:*J 

to 

[0 0 6 6] BlOfc, Aifi^acWSTfTofclS 

^©Mttl^MSiOH^^^to SII7 0 ttSI 

Ts Jl*ffil5c0ii^. M»5 7 3mAh/gffc 
5©|:»U J*1«0J 3 <£>»£\ *«S*tt2 5 6mAh 
10 /gt^ot me> fflitS3 0 0mAi: 

Tjav^SdirKJzJK 3&*ffiT*J6*3 0%£JLh3fc#£ 

*u *^pj^y^r>A-^m*^«ttfc^s^«^ 

[0 0 6 7] 

[Ell] IC^iMa^XilftliHff^^-^SrS^H-CfcS. 

[K 2 ] 1 (in*#yffiia* : 900*) 

[0 3 ] ^^O^IiSM 1 GlPf^^3SMft : 2 8 5 0 
[04] lt^Jl^V>T^b^mi&^*^Xa[HjSf 
[0 5] ^M^3afc«2©||^*©X«l|i|»f^^- 
[19 6] ^*0B3XVJt«E0!l2^V^TfflV^fc-fe^Sr* 

[0 7 ] mmmtk y ^abui • »m**^iB«*« 

[0 8] *«K<O^J16^J5"e^j*bfcy^!?A-»c«?fi 

[0 9] »rtl»*t*^^^^lil*fcoBI«Sr*i- 

40 H"C*>5o 

[010] nmmmkfti&mmffik<DM&%^-rmx$> 

[»#©RB] 

3 0»HfUB«*1t#. 3 l-ftgi«. 3 2-i?^W- * 

3 3-m 3 4-#ftft«fc 3 5-t/um 
3 6-t;Vg, 3 7-#IlS, 4 0, 4 1, 4 2, 4 
3-«ffl3EflS. 5 0 -IE®, 5 1 -A®, 5 2-t/^ 
, 5 3-^^ 54-*fi^^ 55-jEffi 
5 5 6 0, 6 1, 7 

50 0,7 



(8) 



!®M¥-8-2 8 7 9 1 0 



[Si] [til 2] [|H3] 



IH1 [g|2 





(9) 



#i¥8-2 8 7 9 10 




7x1 -y ys<—*J<Dm% 

0 :fc7fJ*^a>BT-bT B 1 # 1 -Sp- 1* 
itetfc B &Kfft?r B itflWWf rt 
(72) 3S?I3;£ flUft »i 

XttJR B St Ttj****r-fcT 



0 ArfJA^/W-tiT ll#lf « 
5££tt 0 iGKftflr B iW^E^frt 
(72) a A 



